Background The Adjuvant Chemotherapy Trial of S-1 for Gastric Cancer established oral S-1 administration for 1 year as the standard postoperative adjuvant chemotherapy for gastric cancer in Japan. We conducted a multicenter cooperative prospective study comparing daily and alternate-day S-1 administration as postoperative adjuvant therapy for gastric cancer. Methods Patients with Stage II or III gastric cancer who underwent curative surgery were randomly assigned to receive standard daily S-1 administration [group A: 80-120 mg/day S-1 depending on body surface area (BSA); days 1-28 every 6 weeks for 1 year] or alternateday administration (group B: 80-120 mg/day S-1 depending on BSA; alternate days for 15 months). Treatment completion rate was the primary endpoint, and relative dose intensity and safety, overall survival, and relapse-free survival (RFS) were secondary endpoints.
Introduction
S-1 is an oral anticancer agent containing tegafur, gimeracil, and oteracil potassium in a molar ratio of 1:0.4:1 [1] .
The response rate to S-1 treatment is approximately 40 % in phase II trials in patients with advanced or recurrent gastric cancer [2, 3] . The Adjuvant Chemotherapy Trial of S-1 for Gastric Cancer (ACTS-GC) trial confirmed that oral S-1 administration for 1 year significantly improved overall survival (OS) and relapse-free survival (RFS) in patients with Stage II or III gastric cancer after curative surgery [4] . The ACTS-GC trial established oral S-1 administration for 1 year as the standard postoperative adjuvant chemotherapy for gastric cancer in Japan. However, the 1-year completion rate was only 65.8 % in the ACTS-GC trial [4] . Therefore, treatment completion remains an unresolved problem.
In clinical practice we observed that alternate-day S-1 administration reduced adverse effects and was tolerable for patients with advanced gastric cancer who were unwilling to continue daily administration. Therefore, we planned a multicenter cooperative prospective randomized phase II study comparing daily with alternate-day S-1 administration as postoperative adjuvant therapy for gastric cancer. The primary endpoint of this study was completion rate, and our aim was to determine whether alternate-day S-1 administration as adjuvant chemotherapy for patients with Stage II and III gastric cancer improved the completion rate of S-1 therapy.
Methods

Eligibility
The eligibility criteria were histologically or cytologically proven Stage II, IIIA, or IIIB gastric cancer; D2 or more extensive lymph node dissection at R0 surgery; no hepatic, peritoneal, or distant metastasis; no cancer cells in peritoneal fluid on cytological analysis; age range, 20-80 years; Eastern Cooperative Oncology Group performance status of 0-2; no previous treatment for cancer except initial gastric resection for a primary lesion; and adequate major organ function before chemotherapy (leukocyte count 3,500-12,000/mm 3 ; hemoglobin C9.0 g/dl; platelet count C100,000/mm 3 ; total bilirubin B1.5 mg/dl; aspartate aminotransferase and alanine aminotransferase B2.5 times the upper limit of normal; and creatinine B1.5 mg/dl). Stage classification and evaluation of resected specimens were conducted based on the Japanese Gastric Cancer Association guidelines [5] .
In the event of toxicity (National Cancer Institute Common Toxicity Criteria: NCI-CTC Version 3.0), the following treatment delays and dose reductions were planned. S-1 administration on day 1 in subsequent cycles was delayed when there was a leukocyte count \2,000/mm 3 ; neutrophil count \1,000/mm 3 ; platelet count \75,000/mm 3 ; hemoglobin \8.0 g/dl; aspartate aminotransferase and alanine aminotransferase [2.5 times the upper limit of normal; and creatinine [1.5 mg/dl. S-1 was reduced if any of the following occurred during the previous cycle: febrile neutropenia, platelet count \50,000/mm 3 , or grade 3 or higher nonhematological toxicities except nausea, vomiting, anorexia, fatigue, and hypersensitivity. S-1 dose was reduced as follows: 60-50-40 mg twice daily, but the minimum daily dose was 40 mg twice daily. Treatment was continued until disease progression, unacceptable toxicity, patient's refusal, or physician's decision occurred.
Treatment schedule
Eligible patients were randomly assigned to receive standard daily (group A) or alternate-day (group B) S-1 administration within 6 weeks of surgery (Fig. 1) . The treatment schedule is shown in Fig. 1 . In both groups, the S-1 dose was based on body surface area (BSA). Patients with a BSA of B1.25 m 2 received 80 mg daily; those with a BSA of 1.25-1.5 m 2 received 100 mg daily; and those with a BSA of C1.5 m 2 received 120 mg daily. Patients assigned to group A received S-1 for 28 days every 6 weeks for 12 months, and patients assigned to group B received S-1 on alternate days for 15 months. In both groups, the number of days was equal to the total S-1 administration. Adverse events were evaluated using the NCI-CTC Version 3.0. Written informed consent was obtained from all patients after the institutional review boards of the participating institutions approved the study protocol. This study was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice Guidelines.
Statistical analysis
The primary endpoint of this study was the completion rate of patients with Stage II and III gastric cancer treated with alternate-day S-1 as adjuvant chemotherapy. In this trial, the rate of treatment completion was expected to be higher than the compliance rate in the ACTS-GC trial because of alternate-day S-1 administration. Assuming a null hypothesis of a 65 % treatment completion rate and an alternative hypothesis of a 85 % treatment completion rate, with one-sided type I error = 0.05 and type II error = 0.2, it was necessary to enroll a minimum of 56 patients. Secondary endpoints were relative dose intensity, OS, RFS, and safety. Completion rate was calculated by dividing the number of patients who continued treatment by the total number of patients. Relative dose intensity was defined as the actual dose divided by the planned dose. The OS was defined as the interval from the date of registration to the date of death from any cause or last follow-up. RFS was Alternate-day S-1 treatment 509 defined as the time from the date of registration to the date when recurrence was confirmed, death from any cause, or last follow-up, whichever came first, and not to the date of treatment discontinuation. Survival curves were estimated using the Kaplan-Meier method, and differences were analyzed using the stratified log-rank test.
Results
In this study, 73 patients were enrolled between November 2005 and October 2009. Thirty-six patients were randomly allocated into group A and 37 into group B. Patient characteristics are shown in Table 1 . All major prognostic factors were similar between the two groups. Adverse events are shown in Table 2 . No difference in the incidence of hematological toxicity was evident between the groups. In addition, no difference in the incidence of nonhematological toxicity above grade 3 was evident between the groups. However, grade 1 or 2 adverse events, including anorexia (53 % vs. 24 %), nausea (28 % vs. 14 %), and diarrhea (33 % vs. 19 %), were observed more frequently in group A than in group B.
The treatment completion rate was 72. The median time from randomization to follow-up was 2.8 years in both groups. The 3-year RFS rate (73.0 % in 36 group A patients and 73.1 % in 37 group B patients; p = 0.8505; Fig. 2 ) and 3-year OS rate (69.6 % in group A and 87.3 % in group B; p = 0.1954) were similar in both groups.
Discussion
ACTS-GC established oral S-1 administration for 1 year as the standard postoperative adjuvant chemotherapy for gastric cancer in Japan [4] . In the ACTS-GC trial, treatment was continued for at least 3 months in 87.4 %, at least 6 months in 77.9 %, at least 9 months in 70.8 %, and 12 months in 65.8 % of patients. Furthermore, the dose was decreased in 42.9 % of patients receiving S-1. Seventy-one patients (13.7 %) refused to continue treatment, independent of the investigators, because of adverse events or other factors. Grade 1 or 2 digestive system adverse events, including stomatitis (32 % vs. 3.4 %), anorexia (55 % vs. 13.7 %), nausea (35 % vs. 8.9 %), vomiting (21 % vs. 9.1 %), and diarrhea (57 % vs. 18.3 %), were more frequent in the S-1 group than in the surgery-only group in the ACTS-GC trial [4] . These results imply that patients will refuse to continue standard S-1 administration because of digestive system adverse events below Grade 2. In a recent study of patients with Stage II or III gastric cancer [6] , OS and RFS improved in patients who completed 12 months of adjuvant therapy with S-1 compared with those who discontinued treatment after curative surgery. Furthermore, reduced relative dose intensity is related to decreased disease-free survival in patients with Stage II-IV gastric cancer who underwent curative surgery and received adjuvant S-1 chemotherapy [7] . Reportedly, continued adjuvant chemotherapy after curative surgery is associated with prolonged survival in patients with colon and breast cancers [8, 9] . Continued S-1 treatment may improve prognosis in patients with gastric cancer after curative surgery. Thus, continued oral S-1 intake is the key to favorable prognoses in patients with advanced gastric cancer after curative surgery.
Differences in cell cycles were observed between cancer and normal cells such as bone marrow or gastrointestinal mucosal cells [10, 11] . The generation time of normal cells is as short as 0.5-1.5 days, whereas that of cancer cells ranges from 3 to 5 days, and the duration of the S-phase is C1 day. Moreover, 5-fluorouracil (5-FU) acts on S-phase cells, inhibits DNA synthesis, and suppresses cell proliferation. Therefore, Shirasaka et al. [12, 13] recommended the use of alternate-day S-1 administration instead of daily use of S-1 based on the observation that the former would allow rescue of normal epithelial cells in the gastrointestinal tract while maintaining the anticancer effect.
Arai et al. [14] demonstrated that alternate-day S-1 administration in patients with gastric cancer reduced adverse events, simultaneously ensuring effective blood levels compared with the standard S-1 administration. In 78 % of patients, the standard S-1 administration was converted to alternate-day administration because of adverse events. After conversion to the alternate-day administration, grade 1 or 2 adverse events, including general fatigue (25 % vs. 0 %), anorexia (19.4 % vs. 0 %), nausea/vomiting (20.8 % vs. 2.8 %), and diarrhea (26.4 % vs. 2.8 %), decreased. Although the trough 5-FU level in patients receiving the alternate-day S-1 administration was significantly lower than in those receiving the standard S-1 administration, the peak effective 5-FU level was reached 2 h after both alternate-day and standard S-1 administration. In addition, Arai et al. [15] demonstrated that alternate-day S-1 administration was equivalent to consecutiveday administration in terms of relative inhibition of tumor growth, with lower toxicity, in gastric cancer cell lines in vitro and in vivo.
From our small-size randomized phase II study, we found that reducing the dose of S-1 by using the alternateday regimen improved safety and compliance. However, there is no guarantee or evidence that this regimen is significantly more effective than surgery alone.
No significant differences were seen in 3-year OS and RFS rates between group A and group B. In the ACTS-GC trial, the 3-year OS and RFS rates in the S-1 group were 80.1 % and 72.2 %, respectively [4] . Survival rates were similar in this study. However, because many of the survival data in this study have been censored, the data must be interpreted with caution.
In conclusion, digestive system adverse events were less frequent with alternate-day than standard S-1 administration. Treatment completion rate and relative dose intensity improved following alternate-day S-1 administration. No significant differences in 3-year OS and RFS rates were evident between group A and group B. Our data indicate that alternate-day S-1 administration may improve com- pliance and reduce adverse events in adjuvant S-1 chemotherapy for patients with Stage II or III gastric cancer.
The alternate-day S-1 regimen must be confirmed by another large-scale randomized ''non-inferiority clinical trial'' comparing it to the standard regimen. 
